Objective-We explored the relationships between inflammatory proteins, occupation, and marital status, and their independent associations with incidence of cardiovascular disease (CVD). Methods and Results-Five inflammation-sensitive proteins (ISPs) (fibrinogen, ceruloplasmin, haptoglobin, ␣1-antitrypsin, orosomucoid) were measured in 6075 apparently healthy men. Incidence of coronary events and stroke was followed over 18 years in relation to occupation and marital status. All ISPs showed higher concentrations in divorced men and in manual workers. Except for fibrinogen, this remained significant after adjustments for confounding factors. Adjusted for traditional cardiovascular risk factors, incidence of coronary events was significantly increased in unskilled manual workers and in divorced men. The relative risks were slightly reduced after further adjustments for ISPs (from 1.79 to 1.70 in unskilled manual workers; from 1.58 to 1.51 in divorced men). All ISPs were significantly associated with incidence of coronary events, after adjustments for traditional risk factors. This relationship was essentially unchanged after further adjustments for occupation and marital status. Key Words: epidemiology Ⅲ stroke Ⅲ acute coronary syndromes Ⅲ socioeconomic Ⅲ inflammation I t is well-documented that men with low occupation level have increased incidence of cardiovascular disease (CVD). 1-5 Furthermore, marital status has shown relationships with cardiovascular disease, with higher incidences among divorced men. 6 -8 The reasons for these relationships are still unclear, despite many years of research. Even though individuals with lower socioeconomic position and unmarried men generally have higher levels of the traditional cardiovascular risk factors, eg, smoking, diabetes, cholesterol and hypertension, this can only explain a minor share of the increased incidence of CVD. 1 Recent studies have shown that subjects with low socioeconomic position also have higher levels of C-reactive proteins (CRP), fibrinogen and other markers of inflammation, 9 -12 although some studies found weak or no relationships. 13, 14 It is unclear to what extent relationships with plasma markers of inflammation accounts for the increased incidence of cardiovascular disease in individuals with low socioeconomic level or among unmarried individuals.
I
t is well-documented that men with low occupation level have increased incidence of cardiovascular disease (CVD). [1] [2] [3] [4] [5] Furthermore, marital status has shown relationships with cardiovascular disease, with higher incidences among divorced men. 6 -8 The reasons for these relationships are still unclear, despite many years of research. Even though individuals with lower socioeconomic position and unmarried men generally have higher levels of the traditional cardiovascular risk factors, eg, smoking, diabetes, cholesterol and hypertension, this can only explain a minor share of the increased incidence of CVD. 1 Recent studies have shown that subjects with low socioeconomic position also have higher levels of C-reactive proteins (CRP), fibrinogen and other markers of inflammation, 9 -12 although some studies found weak or no relationships. 13, 14 It is unclear to what extent relationships with plasma markers of inflammation accounts for the increased incidence of cardiovascular disease in individuals with low socioeconomic level or among unmarried individuals.
Many studies have shown that increased plasma levels of various inflammatory markers, including fibrinogen, orosomucoid, CRP, white blood cells and serum amyloid A, are associated with incidence of myocardial infarction and stroke. [15] [16] [17] [18] [19] The nature of this association is controversial. Many researchers claim that the inflammatory markers, or the underlying inflammatory processes they represent, are causally involved in the development of atherosclerosis and plaque rupture. 20, 21 However, this view is questioned by other researchers. The inflammatory markers are associated with many cardiovascular risk factors, including smoking, hypertension, and low socioeconomic position, and it has been argued that the relationship between inflammatory markers and CVD is caused by confounding, rather than being an independent risk factor. 5, 22, 23 Even though some studies have reported relationships between socioeconomic position and inflammation, few have explored the role of occupation or marital status for the relationship between inflammation and CVD. 5 The present study from a population-based cohort of middle-aged men sought to explore the relationships between marital status, occupation, and 5 inflammatory markers, and to what extent these factors independently are associated with incidence of CVD.
Methods
Between 1974 and 1984, 22 444 men participated in a screening program for detection of individuals with high risk for cardiovascular diseases. 24 Complete birth cohorts from the city of Malmö were invited. Participation rate was 71%. Determination of 5 plasma proteins was part of the program for 6193 men. These men were randomly selected from birth cohorts examined between 1974 and 1982. After exclusion of men with a history of myocardial infarction, stroke, or cancer (according to questionnaire), 6075 men remained. Mean age was 46.8Ϯ3.7 years (range, 28 to 61). The health service authority of Malmö approved and funded the screening program. All participants gave informed consent.
Occupational Status
Information about occupation was retrieved by data linkage with the national census investigations performed in 1970, 1980, and 1985 , which are total registers of the Swedish population in those years. The subjects were classified according to the census that was closest to the screening examination. Occupation was categorized into unskilled manual workers, skilled manual workers, low-level nonmanual workers, medium-level nonmanual workers, high-level nonmanual workers, and others (early retired people, unemployed, farmers, enterprisers, etc.). 25 Information on occupation was available for 6056 men (99.7%).
Marital Status
Information about marital status was similarly retrieved from the national censuses. Marital status was categorized into married, never married, divorced men, and widowers. Information about marital status was available for all men.
Baseline Examinations
Subjects were categorized into smokers and nonsmokers. The smokers were categorized into consumers of up to 9 cigarettes per day, 10 to 19 cigarettes, and daily consumption of 20 cigarettes or more. 26 Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ). Blood pressure (mm Hg) was measured twice in the right arm after a 10-minute rest. The average of 2 measurements was used. A sphygmomanometer and a rubber cuff of appropriate size were used. Use of antihypertensive medication was assessed in a questionnaire.
Physical inactivity in spare time was assessed using the question "Are you mostly engaged in sedentary activities in spare time, for example, watching TV, reading, going to the movie?" Subjects who confirmed a doctor's diagnosis of angina pectoris or who used nitrates were considered to have angina pectoris.
Blood samples were taken after an overnight fast. Serum cholesterol was analyzed with standard methods at the laboratory of the university hospital. Men with fasting whole blood glucose Ն6.1 mmol/L, men with 2-hour glucose values Ն10.0 mmol/L (glucose load, 30g/m 2 body surface area), and men who reported treatment for diabetes were considered as having diabetes.
High alcohol consumption was assessed by means of the modified shortened version of the Michigan Alcoholism Screening Test. 27 Men with Ͼ2 (of 9) affirmative answers were considered to have high alcohol consumption.
ISPs
Electroimmunoassay was used to assess the plasma levels of acute phase proteins. 28 The analysis was performed consecutively at the time of study entry. The detection limits were 20 mg/L for ceruloplasmin, 50 mg/L for ␣1-antitrypsin, and 350 mg/L for orosomucoid, haptoglobin, and fibrinogen. The coefficient of variation was Ͻ5%. 28 We have previously shown that all 5 ISPs are associated with cardiovascular disease and that the cardiovascular risk increases with the number of ISPs in the top quartile. 17 The top quartiles were as follows: fibrinogen Ͼ4.0 g/L, orosomucoid Ͼ0.93 g/L, ␣1-antitrypsin Ͼ1.42 g/L, haptoglobin Ͼ1.76 g/L, and ceruloplasmin Ͼ0.36 g/L.
Follow-Up
All men were followed from the baseline examination until death, emigration from Sweden, or December 31, 1997 (mean follow-up, 18.7Ϯ3.7 years). A coronary event was defined as nonfatal myocardial infarction (code 410 according to the International Classification of Diseases, ICD, 9 th revision) or death caused by ischemic heart disease (ie, ICD codes 410 to 414). Stroke was defined as cases coded 431 (intracerebral hemorrhage), 434 (ischemic stroke), or 436 (unspecified) according the ICD. All strokes were validated by review of hospital records, except for 34 (15%) cases who were hospitalized outside the city of Malmö or whose records were unavailable.
The Swedish Hospital Discharge Register and the Stroke register of Malmö were used for case retrieval. 29, 30 A validation study from the Swedish Hospital Discharge Register showed that the diagnosis "myocardial infarction" was false only in 5% of the cases. 30 
Statistics
Analysis of variance was used to study the relationships between the inflammatory proteins and occupation or marital status. A general linear model was used to adjust the relationships for confounding factors. High-level nonmanual workers and married men were reference categories for the occupational and marital status groups, respectively. Cox proportional hazards model was used to analyze the event rates in relation to inflammatory proteins, categories of occupation, and marital status, respectively. First, the relationships were adjusted for age. Second, traditional risk factors were entered (smoking, tobacco consumption, diabetes, BMI, systolic blood pressure, medication for hypertension, physical inactivity, angina pectoris, cholesterol, high alcohol consumption, triglycerides [log normalized]). Finally, the relationships with occupation and marital status were adjusted for inflammatory proteins and the inflammatory proteins were adjusted for occupation and marital status. The inflammatory proteins, BMI, systolic blood pressure, cholesterol, triglycerides, and age were used as continuous variables. Tobacco consumption was used as an ordinal variable. Four categories of marital status and 6 categories occupation were used. The remaining variables were dichotomous.
Results

Inflammation in Relation to Occupation and Marital Status
All proteins, except fibrinogen, showed significant differences between the occupational groups after adjustments for other risk factors. Men with high-and medium-level nonmanual occupation generally had lower levels than unskilled manual workers (Table 1) .
Marital status was similarly associated with the inflammatory proteins ( Table 2 ). The highest levels were observed in divorced men, and married men had the lowest concentrations. After adjustments for other risk factors, ceruloplasmin, orosomucoid, and ␣1-antitrypsin were significantly related to marital status.
The relationships were essentially the same in separate analyses of smokers and nonsmokers, and in men younger than and older than the median age of 47.4 years (data not shown). However, after adjustments for confounding factors, orosomucoid was significantly associated with marital status in smokers and not in nonsmokers. Fibrinogen and haptoglobin were significantly associated with marital status in young men and not in older groups.
Occupation and Marital Status and Incidence of Cardiovascular Disease
The age-adjusted incidence of coronary events was substantially higher among men with low occupation level. Adjustment for traditional risk factors reduced this relationship, but it remained significant (Table 3) . Further adjustment for the inflammatory proteins reduced the relative risk in unskilled manual workers from 1.79 (CI, 1.3 to 2.5) to 1.70 (CI, 1.2 to 2.4).
Unskilled manual workers and low-level nonmanual workers had similarly higher incidence of stroke. In low-level nonmanual workers, this relationship remained significant after adjustment for risk factors (Table 3) .
Divorced men had higher incidence of coronary events. This association was reduced, but remained significant, after adjustments for traditional risk factors. After further adjustments for inflammatory proteins, the relative risk of coronary events among divorced men was reduced from 1.58 (CI, 1.3 to 2.0) to 1.51 (CI, 1.2 to 1.9) ( Table 4) .
Both for occupation level and marital status, the relationships with cardiovascular disease were consistent in smokers and nonsmokers, and in men older than and younger than the median age (47.4 years), and the effects of adjustment were essentially the same irrespective of smoking status or age group.
Inflammatory Proteins and Incidence of Cardiovascular Disease
All ISPs were strongly associated with incidence of coronary events. These relationships were reduced after adjustments 
Engström et al Occupation, Inflammation, and CVD
for traditional risk factors but remained clearly significant (Table 5 ). Further adjustments for occupation and marital status had small effects of the relative risks. These relationships were very similar when smokers and nonsmokers, and older and younger men were analyzed separately (not shown).
With exception of ␣1-antitrypsin, the inflammatory proteins showed essentially the same relationships with incidence of stroke, and the effects of adjustments for risk factors, occupation, and marital status were similar.
Discussion
The nature of the relationships between inflammatory plasma proteins and incidence of CVD is still controversial. This study shows that the inflammatory proteins vary greatly between men with different occupation, and between married and divorced men, even after adjustments for several risk factors. Even though marital status and occupation were clearly associated with inflammation and incidence of cardiovascular disease, adjustment for marital status and measures of socioeconomic position had very small effects on the relationship between inflammation and CVD. It is unlikely that relationships with socioeconomic position or low social support explain why inflammatory markers are associated with incidence of cardiovascular disease.
The results also show that traditional cardiovascular risk factors and the present inflammatory markers only partially explain the increased risk of CVD in manual workers and divorced men. Approximately 50% of the increased risk associated with unskilled manual occupation could be explained by other cardiovascular risk factors. However, all risk factors were assessed at one single occasion, and they do not fully reflect the exposure during the life-course. Hence, the role of traditional risk factors for the relationships between occupation, marital status, and incidence of CVD could be more important than the present results indicate.
The reason why cardiovascular risk factors and inflammatory proteins cluster in groups with low socioeconomic position is an important research question. Many explanations have been suggested and it is likely that more than one factor contribute to this relationship. 4 In most studies, men with low socioeconomic position have worse health behavior, eg, more smoking, un- *RR adjusted for age, smoking, tobacco consumption, cholesterol, BMI, diabetes, systolic blood pressure, blood pressure medication, log triglycerides, physical inactivity, high alcohol consumption, and angina.
†In addition, adjusted for ceruloplasmin, ␣1-antitrypsin, orosomucoid, haptoglobin, and fibrinogen.
healthy diet, and higher psychosocial stress. 31 Experimental studies have shown that the response of inflammatory cytokines 10 after a stress test is higher in groups with low socioeconomic position. Hence, the vulnerability to various stress factors seems to be higher in groups with low socioeconomic level. 4 Our results disagree with the findings from the British Women's Heart and Health Study. 5 In their report, neither fibrinogen nor CRP was associated with incidence of CVD after adjustments for other risk factors. The authors suggested that the socioeconomic position and other confounding factors, rather than causal relationships, explain the association between inflammatory proteins and CVD. However, in contrast with our results, CRP and fibrinogen showed very weak relationships with incidence of CVD in their study, and none of them was significant after adjustments for behavioral risk factors like smoking and BMI. A recent study from Finland reported rather weak relationships between CRP and intima-media thickness, and the association was attenuated after adjustments for obesity. 23 The authors suggested that obesity explains the associations between CRP and socioeconomic level and between CRP and intima-media thickness. Many studies from the present cohort have shown strong and very consistent relationships between markers of inflammation and incidence of CVD. 15, 17 Differences between study populations, end-points, as well as different inflammatory markers could explain the discrepancies between our results and the British and Finnish studies. The correlations between different inflammatory markers are often moderate (rϭ0.3 to 0.6 in this study), and the inflammatory markers could therefore pick up different aspects of the underlying inflammatory processes. It is likely that the prognostic information can be improved if a combination of inflammatory markers is used instead of one specific protein.
It has sometimes been suggested that reverse causation explain why inflammatory proteins are associated with CVD, ie, that advanced atherosclerosis increases the plasma levels of inflammatory markers. It is well-known that the atherosclerotic process starts early, and that many middle-aged men have advanced atherosclerotic lesions. Studies of subjects with angina pectoris suggest that uncomplicated atherosclerosis per se has rather small effects on the inflammatory proteins. 32 However, even though the men initially were healthy and the follow-up time was long, we cannot completely rule out that pre-existing asymptomatic atherosclerosis could have increased the degree of inflammation.
Many different measures of socioeconomic position have been associated with fibrinogen and CRP. Even though other measures of socioeconomic position during the life-course probably could add more information, 5 there is no doubt that occupation and marital status are important measures of the social and socioeconomic situation. These factors showed significant relationships with inflammation as well as incidence of CVD, in accordance with many previous studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] If the social and socioeconomic situation had been an important confounding factor for the relationship between inflammation and CVD, there should have been a clear attenuation after adjustment for marital status and occupation, even though they do not pick up all aspects of these dimensions. Furthermore, in an additional analysis not presented here, the results were almost identical after further adjustments for several measures of the socioeconomic position earlier in life (car ownership in 1960, education level in 1960, crowded housing in 1960).
There are some limitations of the study that should be mentioned. The end-points were retrieved from national and local hospital register. The hospital registers cover the southern parts of Sweden during the entire follow-up period. For some Yet another limitation is that we do not know about changes that occurred during the follow-up period, eg, smoking cessation, divorces, or new occupations.
In conclusion, relationships with inflammatory markers could contribute to, but not fully explain, the increased incidence of CVD in divorced men and men with low occupation. The inflammatory proteins vary greatly by occupation level and marital status. However, this does not confound the relationship between inflammatory markers and incidence of CVD.
